Abstract-Smart grids will be regarded as a dual compound network composed of power network and cyber network, called Cyber-power System (CPS). Studying the cyberpower relationship, especially the effects of cyber on the whole system, is of theoretical and engineering importance. In this paper, CPS studies were reviewed first, and then a method based on Inclusion-exclusion theory was proposed, which made elements disjoint and obtained the minimal path set for an assessment. By putting forward a simple model and precise calculation, we conclude that the optimized network topology is useful for analyzing the information transfer capability of smart grids. The results may provide theoretical guidelines for the construction of power grids, especially for optimizing the placement of smart grids.
I. INTRODUCTION
Smart grids have attracted growing attention from the academic field. However, there is no clear unified idea on smart grids, as different countries and research institutions present specific connotations and denotations [1] [2] [3] [4] [5] [6] Understanding and definition of smart grids are not the same, but the objective basis and background for information network today coincide with the physical network. The integration system of information network and physical network (Cyber-physical system) is a hotspot in research. The fusion system of information network and power grid (Cyber-power system, CPS) can be seen as a branch of Cyber-physical system. It is foreseeable that with the development in cloud computing, grid computing, mass storage, and communication technology, CPS will bring a full range of changes to the basic theory of the information network and power grid architecture. CPS will become another technological revolution after the Internet [6] [7] . It will improve the communication and control capacities in the informationphysical world.
Currently, CPS is a new field of research, as Institute of Electrical and Electronics Engineers (IEEE) and Association for Computing Machinery (ACM) have held CPS WEEK academic activities and meetings since 2008. China also attached notable importance to CPS. The National Natural Science Foundation and the Ministry of Science rank CPS as a priority funding area. Ji-feng He conducted relevant research and proposed a definition [8] . Zhong-jie Wang reviewed the studies on information and physical integration, which analyzed the interaction system of network layer and physical layer [9] . The important degree of information security of smart grids in survivability was discussed [10] . Jun-hua Zhao proposed a CPS framework, which is a new method based on the delay and data loss compensation [11] . Bamdad Falahati presented a network-power relationship from direct and indirect correlations [12] . Much research work has been carried out [13] [14] [15] , and thus CPS is a promising field of research. With further comprehensive development of computing, sensing, communication technology and control theory, and as the research on the Internet matures, CPS will become a focus in technological development research.
However, CPS lacks a reliability evaluation model and an exact calculation method at present. Considering the transmission speed of the information network, we utilize the inclusion-exclusion theory on the analysis of the power communication network. In this paper, we present an accurate evaluation which has important significance in research of robustness and reliability of the power network.
II. CPS MODEL AND NETWORK TRANSMISSION ABILITY

A. Definition and Construction of the CPS Model
Smart grids can be regarded as a large-scale fusion system of the interdependent and deeply coupled information network and power network (Cyber-power system, CPS). Figure 1 shows the mapping relationship between power network and information network in a provincial electricity network. Generally CPS modeling involves two steps: first, set up a state space model of each unit by physical and information input/output (I/O) and information topology. Second, based on the network topology module, settle a Cyber-power model for two composite networks.
A simple topology model is described as an example. Figure 2 shows the three-layer information construction for the province node (V 1 ), city nodes (V 2 , V 3 …V 5 ), and county nodes (V 6 , V 7 …V 14 ). We also use three-layer power grids for power source node (V 14 ), supply network (Line e 1 -e 5 , Line e 14 -e 16 ), and distribution network (Line e 6 -e 13 ). 
B. Evaluation Method of Network Transmission Ability
The network transmission ability of power network is the base of the system planning and scheduling. Information network reliability is associated with the reliability of node equipment and the robustness of network topology. Higher reliability of node and link equipment will result in higher connectivity of topological construction of network, and thus we will get a higher reliability of information network system.
Like safety, the reliability of CPS must consider both information system and physical system, especially the mutual influence between them. Considering the strong coupling between dual networks, we, in order to ensure the safety of electric power system, should not only minimize the probability of electrical equipment failure, but also increase overall system security and stability from the perspective of information network systems. The evaluation methods of a network can be divided into two categories:
1. List all minimal path sets or cut sets in the network, and statistically evaluate the reliability of disjoint grids according to the principle of inclusion-exclusion. The basic idea is: regardless of overlap, the number of all objects included in content is first calculated. Then exclude the number of duplicate calculations, so the calculation results are neither missing nor repeatedly counted. This method is called the principle of inclusionexclusion.
2. Network topology simplification. Replace the network with simple structure until it is reduced to a link. However, only some parts of network can be simplified. Tang Huang presented a binary decision diagram for network simplification, which is more effective [16] .
In this paper, we simplify the power network into supply nodes, load nodes and power lines, and simplify the information network into decision-making nodes, collecting nodes, execution nodes and fiber optic transmission networks. Information network node operation requires power supply from power grids, and the functioning of power grid nodes requires services from information and communication networks both interactive and interdependent. Reality is important information, because the network nodes are usually equipped with an uninterruptible power supply, and thus short-term supply outage will not greatly affect information network. Therefore, this article will not consider the effects from the power supply outage of information network.
It is assumed that nodes and links only have two states of work or failure, and the failures of nodes and links are independent; that is, failure of a node or link does not cause failure to another node or link. The basic principle of the algorithm is: a set of links with connected source host nodes in the network is called a road set. If in a road set, the failure of any road link will cause the source host nodes to be unconnected, then this path set is a minimal path set.
Let the information network be N={V, E}, the node set be V= {v 1 , v 2 …v n }, and the link chain set be{ e 1 , e 2 ,…e m }. If in a known network, the minimum path set from the starting node i to the ending node j is R ij = {E 1 ,,E 2 ,…E m }, the generic system probability is: 
I(X ij )
is a decreasing function of P ij ; if P ij is closer to 1, the probability is higher and the uncertainty is smaller.
Considering the delay requirements of smart grid, when it delays beyond a certain time, the information will be considered invalid. Therefore, we set the path hop count S and threshold S T ; when S<S T , the path meets the delay requirements. When a path is only an effective route and the hop count S=S T , they have only one disjoint routing, which has a minimum effective transmission probability. 
III. EXPERIMENTAL RESULTS AND ANALYSIS
A. Example A This example is a province-city-country three-level power network, namely the provincial dispatching center, dispatching center, terminal node. The network connection is like a tree. The information network and the physical network are shown in Fig. 3 . The weight between information nodes v i and v j is w ij , and the simulated values of w ij for this example are shown in Table 2 . With the increase of the threshold, the node route may increase, the uncertainty of the total information network decreases, and the probability increases. The information transmission capacity with a delay threshold is showed in Fig. 4 . Through analysis, the following conclusions are drawn: the information transmission capacity is an increasing function of threshold ratio. Its physical meaning increases routing choice for the delay put grace. At the same time, routing growth consumes more transmission time. When the threshold is higher than 3, the growth rate declines. A closed-loop has higher information transmission ability than an open-loop, especially with low threshold.
B. Example b
This example is a province-city-country three-level power network, namely the provincial dispatching center, dispatching center, and terminal node. The connected information network is like a tree. The information network and power grid are shown in Fig. 5 . Through analysis, we get the following conclusions. The information transmission capacity is an increasing function of threshold ratio. When the terminal layer is closed-loop, the advantage of transmission capacity is not obvious compared with an open-loop. The growth value in example b is smaller than in example a, especially when the threshold is between 2 and 3. The probability in example b is smaller than in example a in the same conditions, and the physical links are larger both in openloop and closed-loop networks. When we design the physical layer network, we can take a minimal link to meet information transmission needs and thus to optimize information network placement.
IV. CONCLUSIONS
In this paper, we propose to use self-information to describe information transmission uncertainty, and then accurately evaluate the transmission capacity. We take inclusion-exclusion theory and disjoint analysis to assess the transmission capacity. Considering the timeliness and accessibility of network, closed-loop network has a higher information transmission capability, especially with low threshold. 1) Improving the reliability of important information nodes could obviously improve information transmission capacity. 2) Based on the network topology, we just need to design the physical link properly, and then with the minimum number of links, we can meet information transmission quality needs and save investment.
3) The accurate evaluation provides a basis for placement optimization, and serves as a reference model to optimize Cyber-power network. It is conducive to the planning and scientific research.
